NOAA/National Ocean S e r v i c e Rockville, Maryland 20852 A b s t r a c t Two experiments were conducted i n t h e summer o f 1982 w i t h " o f f -t h e -s h e l f " AMETEK-Straza DCP4400 a c o u s t i c D o p p l e r c u r r e n t p r o f i l i n g s y s t e m s . The f i r s t experiment compared a bottom-mounted upward-looking 300 kHz system against moored current measuring systems. C o n d u c t i v i t y -t e m p e r a t u r e -d e p t h (CTD) p r o f i l e s , w a t e r samples, and meteorological data were collected to augment the current measurements and aid i n t h e i n t e r p r e t a t i o n o f t h e a c o u s t i c D o p p l e r m e a s u r e m e n t s .
The second experiment involved real -time comparisons between the downward-looking 115 kHz acoust i c p r o f i l i n g s y s t e m i n s t a l l e d on t h e NOAA Ship
RESEARCHER and current measurements made w i t h an EG8G -Vector Measuring Current Meter (VMCM) lowered from the s h i p w h i l e on s t a t i o n o f f t h e c o a s t o f F l o r i d a . T h i s p a p e r p r e s e n t s t h e r e s u l t s f r o m b o t h experiments along with a d i s c u s s i o n on the performance o f t h e AMETEK-Straza DCP4400 systems. I n t r o d u c t i o n
The National Oceanic and Atmospheric A d m i n i s t r a t i o n (NOAA) has been i n v o l v e d w i t h t h e development of acoustic remote sensing techniques for several years.
The R a t i o n a l Ocean S e r v i c e (NOS) o f NOW purchased an AMETEK-Straza DCP4400 system i n 1981 f o r use i n a b o t t o m -m o u n t e d c o n f i g u r a t i o n t o e s t a b l i s h a l o n g -t e r m i n s t a l l a t i o n o f an a c o u s t i c measurement s y s t e m c a p a b l e o f p r o v i d i n g r e a l -t i m e i n f o r m a t i o n . A shipboard system was also purchased by NOS i n 1981 and was c o n f i g u r e d t o make v e r t i c a l p r o f i l e c u r r e n t measurements from an underway ship.
The development of t h e t e c h n o l o g y f o r s h i p b o a r d a p p l i c a t i o n s i s t o p r o v i d e s y s t e m s ( e v e n t u a l l y a u t o m a t e d f o r s h i p s -o f -o p p o r t u n i t y ) t o m e a s u r e p a r a m e t e r s a s s o c i a t e d w i t h h e a t t r a n s p o r t i n the upper ocean i n s u p p o r t o f a n a t i o n a l c l i m a t e program.
F i e l d t e s t s were performed by NOS on b o t h o f t h e s e s y s t e m s t o d e f i n e t h e i r measurement c a p a b i l i t i e s .
The f o l l o w i n g i s a d e s c r i p t i o n o f t h e experiments and t h e r e s u l t s o b t a i n e d .
Chesapeake Bay Experiment
In August 1982, an i n t e n s i v e f i e l d e x p e r i m e n t was conducted i n t h e Chesapeake Bay by t h e NOS. The major o b j e c t i v e o f t h e e x p e r i m e n t was t o i n v e s t i g a t e t h e performance of an AMETEK-Straza a c o u s t i c p r o f i l e r i n a bottom-mounted configuration. Seventeen conventional c u r r e n t m e t e r s were deployed, and numerous a n c i l l a r y measurements were taken t o p r o v i d e "sea t r u t h " measurements f o r d e f i n i n g t h e p e r f o r m a n c e o f t h e a c o u s t i c p r o f i l e r .
System Design
The a c o u s t i c p r o f i l e r t e s t e d i n t h e e x p e r i m e n t was an AMETEK-Straza DCP4400/300, which uses a 4-beam a c o u s t i c t r a n s d u c e r i n a Janus c o n f i g u r a t i o n . The s y s t e m t r a n s m i t s 300 kHz a c o u s t i c p u l s e s ( p i n g s ) a l o n g each o f 4 beams w h i c h a r e t i l t e d 30" f r o m t h e v e r t i c a l , have a 3" beamwidth, and are mutually orthogonal ( F i g u r e 1). Acoustic scatterers suspended i n t h e w a t e r r e f l e c t a p o r t i o n o f t h i s a c o u s t i c e n e r g y b a c k t o w a r d s t h e t r a n sd u c e r ; t h e m o t i o n o f t h e s e s c a t t e r e r s a l o n g t h e beams r e s u l t i n a f r e q u e n c y s h i f t i n t h e r e f l e c t e d s i g n a l p r o p o r t i o n a l t o t h e i r v e l o c i t y . The DCP440D system p r o c e s s e s t h e a c o u s t i c r e t u r n s i g n a l s f o r e a c h beam i n s h o r t segments ( b i n s ) and p r o v i d e s a measure o f t h i s f r e q u e n c y s h i f t a t f i x e d i n t e r v a l s a l o n g t h e beams. A Hewlett Packard HP-85 t h e n a c q u i r e s t h e d a t a , d e t e r m i n e s t h e h o r i z o n t a l component o f c u r r e n t i n each b i n f o r each beam by a p p l y i n g s i m p l e t r i g o n o m e t r y and computes the mean and s t a n d a r d d e v i a t i o n o f m u l t i p l e pings.
The HP-85 a l s o p r o v i d e s o p e r a t i o n a l c o n t r o l o f t h e DCP4400. D u r i n g t h i s e x p e r i m e n t t h e s y s t e m was o p e r a t e d w i t h a 3.2 ms t r a n s m i t p u l s e w i d t h , a 2.4 ms b i n w i d t h w h i c h p r o v i d e d a measurement o f c u r r e n t e v e r y 1.6 m i n t h e w a t e r column.
U.S. Government work not protected by US. copyright.
Experiment Design
The experiment was conducted i n t h e Chesapeake Bay near Solomons Island, Md. The s i t e was l o c a t e d on t h e w e s t s i d e o f t h e s h i p p i n g c h a n n e l i n 18m of water where the bottom was r e l a t i v e l y f l a t .
A r e v i e w o f e x i s t i n g d a t a f r o m t h e s i t e i n d i c a t e d t h e f l o w c h a r a c t e r i s t i c s during August would be m a i n l y t i d a l and w e l l s t r a t i f i e d due t o l o w s a l i n i t y w a t e r f r o m t h e u p p e r bay f l o w i n g o v e r h e a v i e r , h i g h e r s a l i n i t y w a t e r f r o m t h e l o w e r bay.
Seventeen conventional current meters were deployed on f i v e m o o r i n g s w h i c h were placed along the axis of t h e Bay ( current meters which sampled every 2 minutes and an Aanderaa RCM-4 which sampled every 10 minutes. This mooring was designed t o p r o v i d e t h e v e r t i c a l r e s o l u t i o n n e c e s s a r y t o e v a l u a t e t h e DCP4400 p r o f i l e r .
The DCP4400 t r a n s d u c e r and j u n c t i o n box was platform mounted and a EG&G Vector Measuring Current
Meter (VMCM) mooring was mounted t o r s i o n a l l y r i g i d t o t h e p l a t f o r m ; t h e VMCM compass p r o v i d e d t h e o r i e n t a t i o n o f t h e DCP4400 r e l a t i v e t o m a g n e t i c n o r t h . These two i n s t r u m e n t s were h a r d w i r e d t o t h e R/V LAIDLY which was i n a f o u r -p o i n t m o o r i n g n e a r t h e t e s t s i t e d u r i n g t h e
e n t i r e e x p e r i m e n t . The DCP4400 system computed a 4 minute vector average o f c u r r e n t s e v e r y 6 minutes which c o n s i s t e d o f 120 pings. The DCP4400 was not operated f o r s h o r t p e r i o d s d u r i n g t h e e x p e r i m e n t t o accomodate t e s t s o f o t h e r a c o u s t i c s y s t e m s w h i c h o p e r a t e d a t s i m i l a r f r e q u e n c i e s .
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A l l current meters used i n t h e e x p e r i m e n t were c a l i b r a t e d b e f o r e and after the experiment and measurement u n c e r t a i n t i e s were computed f o r each. I n a d d i t i o n t o t h e c u r r e n t m e t e r m o o r i n g s , a s e r i e s o f a n c i l l a r y measurements were c o l l e c t e d w h i c h i n c l u d e d w i n d speed and d i r e c t i o n , c o n d u c t i v i t y and t e m p e r a t u r e p r o f i l e s , and water samples which were analyzed for particle size d i s t r i b u t i o n and t o t a l suspended load.
A n a n a l y s i s o f t h e r e l a t i o n s h i p between acoustic volume backscatter i n t e n s i t y f r o m t h e DCP4400 and t h e p r o p e r t i e s o f t h e water column i s underway.
A r e p o r t i s i n p r e p a r a t i o n which w i l l d e s c r i b e t h e p h y s i c a l o c e a n o g r a p h y o f t h e t e s t s i t e d u r i n g t h e e x p e r i m e n t .
Experiment Results
A 3 0 -m i n u t e a v e r a g i n g i n t e r v a l was chosen f o r d a t a a n a l y s i s t o f i l t e r i n s t r u m e n t n o i s e and accomodate instrument comparisons since i t was t h e l e a s t common d e n o m i n a t o r f o r t h e v a r i o u s i n s t r u m e n t s a m p l i n g r a t e s .
The v e c t o r means f o r a 3-day t i m e s e r i e s , J u l i a n days 233 t o 236, e x c l u d i n g t h e t i m e s when t h e DCP4400 was e i t h e r n o t o p e r a t i n g o r o p e r a t i n g i n o t h e r t h a n a measurements (Table  1 ) .
A comparison of t h e DCP4400
6-minute cycle, were computed f o r each o f t h e c u r r e n t measurements w i t h t h e sea t r u t h d a t a i n b i n s 3 t h r o u g h 7 i n d i c a t e s g e n e r a l a g r e e m e n t a t t h e v a r i o u s l e v e l s . Vector magnitude comparisons of 3-day averages g e n e r a l l y show a 3 cm/s d i f f e r e n c e between the DCP4400 and t h e s e a t r u t h . A s i m i l a r c o m p a r i s o n o f d i r e c t i o n measurements show a s c a t t e r o f a p p r o x i m a t e l y k4O i n t h e upper water column; comparisons i n t h e l o w e r l a y e r s b e l o w t h e p y c n o c l i n e a r e n o t as good.
However, v a r i a t i o n s between current meters i n t h e l o w e r l a y e r s a r e a l s o l a r g e and dependent on depth. Comparing t h e s t a n d a r d d e v i a t i o n s o f t h e N o r t h -S o u t h component o f f l o w , w h i c h i s t h e p r e d o m i n a n t a x i s o f t h e t i d a l s i g n a l , shows c o r r e l a t i o n t o b e t t e r t h a n 2 cm/s between t h e DCP4400 and t h e c u r r e n t m e t e r s . F i g u r e 3 i s a t h r e e -d a y v e c t o r " s t i c k " p l o t o f t h e sea t r u t h and DCP4400 measurements.
The sea t r u t h m e a s u r e m e n t s d e p i c t t h e c o m p l e x f l o w r e g i m e o f t h e t e s t s i t e where t h e t i d a l i n f l o w o c c u r s m a i n l y b e l o w t h e p y c n o c l i n e a n d t h e o u t f l o w i s m o s t l y a b o v e t h e p y c n o c l i n e . T h i s f l o w p a t t e r n r e s u l t e d i n v e r t i c a l s h e a r o f t h e h o r i z o n t a l c u r r e n t i
i n t h e n e a r -s u r f a c e ; however, d e f i n i t i v e s t a t e m e n t s c a n n o t be made r e g a r d i n g t h i s b i n because no sea t r u t h measurements were made i n t h e near-surface.
The d i r e c t i o n o f t h e v e c t o r s f o r b i n 8 c o r r e l a t e w i t h t h e sea t r u t h b u t t h e m a g n i t u d e s a r e c o n s i s t a n t l y low. This i s c a u s e d b y t h e s u r f a c e r e f l e c t i o n f r o m t h e v e r t i c a l s i d e l o b e o f t h e t r a n s d u c e r w h i c h i s l a r g e i n comparison t o t h e b a c k s c a t t e r s i g n a l f r o m a l o n g t h e main beam. The DCP4400 computes t h e mean v a l u e o f t h e f r e q u e n c y s p e c t r a f o r d e t e r m i n a t i o n o f v e l o c i t y magnitude. For near-surface measurements, the main l o b e b a c k s c a t t e r D o p p l e r s i g n a l i s a v e r a g e d w i t h t h e s i d e l o b e s u r f a c e r e f l e c t i o n w h i c h h a s z e r o D o p p l e r s h i f t r e s u l t i n g i n a r e d u c t i o n i n computed magnitude. Bins 3 t h r o u g h 7 a g r e e w i t h t h e sea t r u t h f o r b o t h magnitude and direction. Bins 1 and 2 o f t h e DCP4400 c o u l d n o t b e c o r r e l a t e d w i t h t h e sea t r u t h .
N e a r -f i e l d t r a n s d u c e r e f f e c t s , m e c h a n i c a l r i n g i n g o f t h e t r a n s d u c e r and s i d e l o b e r e f l e c t i o n s f r o m t h e VMCM c u r r e n t m e t e r a r e possible causes for t h e l a c k o f a g r e e m e n t w i t h t h e sea t r u t h .
F i g u r e 4 i s a North-South vector comparison (tidal f l o w a x i s ) o f B i n s 3 t h r o u g h 7 w i t h t h e c o r r e s p o n d i n g m o d i f i e d Endeco current meters. This comparison i n d i c a t e s
t h e DCP4400 s y s t e m f o l l o w s t h e s e sea t r u t h measurements, however, i t s speed magnitudes are g e n e r a l l y h i g h e r . 
A n a l y s i s and Conclusions
Normally, measurement system accuracies are d e t e r m i n e d i n a l a b o r a t o r y b y c o m p a r i s o n t o s t a n d a r d s o v e r a s e l e c t e d measurement range. However, l a b o r a t o r y f a c i l i t i e s do n o t p r e s e n t l y e x i s t w h e r e a DCP4400 can b e c a l i b r a t e d .
T h e r e f o r e , r e a l i z i n g t h e l i m i t a t i o n s t o f i e l d i n t e r c o m p a r i s o n s , a n a t t e m p t t o d e t e r m i n e t h e a c c u r a c y o f t h e DCP4400 u s i n g a l e a s t s q u a r e s a n a l y s i s t e c h n i q u e was made. The m o d i f i e d Endeco c u r r e n t m e t e r s w e r e s e l e c t e d f o r c o m p a r i s o n t o e a c h b i n and o n l y t h e n o r t h -s o u t h component o f f l o w was used f o r t h e a n a l y s i s . L e a s t s q u a r e s a n a l y s i s o f t h e DCP4400 d a t a s e t f o r t h e 3 days versus the commensurate modified Endeco d a t a s e t a t e a c h d e p t h i n d i c a t e d t h e DCP4400 g a i n i s a p p r o x i m a t e l y 1 0 p e r c e n t h i g h e r t h a n t h e m o d i f i e d Endeco and y i e l d s a r e s i d u a l s t a n d a r d e r r o r (RSE) o f 5.3 cm/s.
If t h e same l e a s t s q u a r e s a n a l y s i s i s performed on t h e a p p r o p r i a t e Grundy versus Endeco data s e t , i t i n d i c a t e s t h e Grundy g a i n i s a l s o 5 p e r c e n t h i g h e r t h a n t h e Endeco and t h e RSE i s 4.0 cm/s.
A Grundy versus VMCM a n a l y s i s shows no g a i n d i f f e r e n c e , and a RSE o f 5.5 cm/s.
I t i s c o n c l u d e d t h a t t h e
DCP4400 p e r f o r m e d w i t h i n o u r c a p a b i l i t y t o d e f i n e "sea t r u t h . " U n f o r t u n a t e l y , a s w i t h a l l f i e l d i n t e r c o m p a r i s o n s , o u r a b i l i t y t o define performance i s l i m i t e d by t h e measurement uncert a i n t i e s r e s u l t i n g f r o m t h e i n s t r u m e n t s used and t h e v a r i a b i l i t y o f t h e e n v i r o n m e n t . From t h i s e x p e r i m e n t it was d e t e r m i n e d t h a t t h e DCP4400 30-minute averages have a 95 p e r c e n t c o n f i d e n c e o f b e t t e r t h a n 12.5 cm/s and t h e 3-day averages are better than 2.5 cm/s.
F1 orida Current Experiment
On September 29, 1982, a l i m i t e d e x p e r i m e n t was conducted i n t h e f l o r i d a a r r e n t by t h e N a t i o n a l Ocean S e r v i c e a n d t h e A t l a n t i c O c e a n o g r a p h i c and M e t e o r o l o g i c a l L a b o r a t o r y (AOML) aboard the NOAA Ship RESEARCHER.
The o b j e c t i v e o f t h e e x p e r i m e n t was t o compare t h e r e s u l t s o f c u r r e n t measurements from a VMCM l o w e r e d o v e r t h e s i d e o f t h e s h i p t o t h e c u r r e n t measurements made from a DCP4400 a c o u s t i c p r o f i l e r . Fourteen measurements were made a t s i x d e p t h s f o r t h e comparison.
System Design The a c o u s t i c p r o f i l e r t e s t e d was an AMETEK-Straza DCP4400/115 w i t h an a c o u s t i c t r a n s d u c e r m o u n t e d t o t h e s h i p ' s h u l l . The system i s s i m i l a r t o t h a t w h i c h was d e s c r i b e d p r e v i o u s l y e x c e p t it o p e r a t e s a t 1 1 5
kHz and h a s o n l y t h r e e beams. The p u l s e l e n g t h u s e d was 9.6 m s
w i t h a d e p t h r e s o l u t i o n o f 6.4 m e t e r s ( b i n w i d t h ) .
The VMCM was l o w e r e d o v e r t h e s i d e o f t h e s h i p t o t h e d e s i r e d d e p t h so t h a t it measured i n t h e m i d d l e o f an acoustic depth bin.
The depths chosen t o sample a t were 20, 40, 50, 60, 100, and 150 meters.
The measurements were made f r o m t h e s h i p a f t e r i t had hove t o i n t h e F l o r i d a C u r r e n t and were made i n c a l m c o n d i t i o n s , t h u s n o c o r r e c t i o n s f o r s h i p speed, r o l l , p i t c h , o r yaw needed t o be made i n t h e measurements.
Experimental Results
B o t h t h e VMCM and DCP4400 sampled every second and computed one-minute averages o f n o r t h a n d e a s t components o f v e l o c i t y .
The VMCM was h e l d i n t h e s p e c i f i e d d e p t h b i n f o r a t l e a s t 1 1 o n e -m i n u t e averages.
The measurements were then used t o compute a mean and a 95 p e r c e n t c o n f i d e n c e l i m i t f o r each 11 minute average. These r e s u l t s were p l o t t e d i n a scatter diagram, Figures   5 and 6 , for the n o r t h and e a s t v e l o c i t y components r e s p e c t i v e l y . Each p o i n t a l s o has t h e 95 p e r c e n t c o n f i d e n c e l i m i t f o r t h e speed e s t imates shown as t h e l e n g t h o f t h e h o r i z o n t a l (STRAZA) and v e r t i c a l (VMCM) l i n e s o f t h e c r o s s . with a c o r r e l a t i o n g r e a t e r t h a n 0.95 between the two devices at relatively low measurement speeds. Figure  6 , t h e n o r t h component o f v e l o c i t y , shows e x c e l l e n t agreement between t h e t w o i n s t r u m e n t s o v e r a r a n g e o f 5 t o 100 cm/s, w i t h a c o r r e l a t i o n o f o v e r 0.99. 
Conclusion
The r e s u l t s f r o m t h i s b a s i c F l o r i d a C u r r e n t e x p e r i m e n t d e m o n s t r a t e t h a t t h e DCP4400 p r o v i d e s a good measure o f t h e c u r r e n t p r o f i l e .
I t was d e t e r m i n e d t h a t t h e 11 -minute average of velocity has aHi1 1, R. H. and C. L. Trump, "An Interim Doppler Shear P r o f i 1 e r : E x p e r i m e n t a l R e s u l t s ," NRL Memorandum Report 4920, Naval Research Laboratory, Washington, D. C. , September 30, 1982.
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